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ADMIN RECORD

RESPONSES TO ENVIRONMENTAL PROTECTION AGENCY (EPA) AND COLORADO
DEPARTMENT OF HEALTH (CDH) COMMENTS AGAINST STATISTICS STRAWMAN -

NMH-606-93

‘Attached please find responses to comments made by EPA and CDH against the strawman

that EG&G Rocky Flats and the Department of Energy, Rocky Flats Office distributed at
our meeting September 29, 1993. These responses are similar to those contained in
an earlier letter dated November 18, 1993 (NMH-598-93) but modified per your
comments from the November 23, 1993 meeting with Steven Needler. The modified
strawman gives the methodology which will be used on subsequent site-to-background

comparisons.

Attachment A contains the responses to EPA and Attachment B contains the responses 10
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Ned M. Hutchins, Acting

Associate General Manager

Environmental Restoration Management
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Attachments:
As Stated (3)

cc:
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R. J.

M. N. Silverman
B. K. Thatcher

Schassburger
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_CDH. The revised strawman is also attached (C). If you have questions or comments,
please contact Steven Needler at extension 6961.
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ATTACHMENT A

Response to EPA: Hestmark letter SHWM-FF received 10/25/93

1. To determine the appropriate background and operable unit populations for comparison, we
understand that some matching of the two populations is done by geologists and chemists.
Data for an analyte in a non-background area are grouped according to a combination of
background classes which represent independent background populations. A table that cross
references the operable unit populations and the background populations will be provided.

Concur. The strawman has been changed to require tables that cross-reference OU
media to background media.

2. A more explicit statement of the null hypothesis that is being tested will be included. In
addition, a fixed p value of 0.05 will be used for each of the inferential statistical tests as
written in the strawman proposal. There was some inconsistency in what was written in the
proposal and what was stated in the meeting regarding the p value. A fixed value of 0.05 is
what we will accept. - :

Concur. The strawman states that p values must be less than or equal to 0.05 to
demonstrate a significant difference from background. Footnote 3 on page 5 of the
strawman, which was not clear on this point, has been deleted.

3. All references to comparison of background and operable unit populations for organics will
be removed. Background comparisons apply to inorganics and radionuclides only.

Do not concur. Although background comparisons for organics are not commonly
used, there are instances when it may be applicable, in which wide-ranging organic
contamination is due to non-site-specific anthropogenic sources. We want to retain the
option of performing background comparisons for these organics, when geochemists or
geologists determine that it is applicable to do so. In these instances, we will retain
the burden of proof, and the applicability of the comparison will be subject to EPA
and CDH approval. U

The strawman has been rewritten to state that background comparisons for organiés
will be done on a limited, case-by-case basis, subject to EPA and CDH approval.

- 4. The use of professional judgement in interpreting the results of the graphical displays and
statistical analyses will be limited to consideration of spatial distribution, temporal '
distribution, and pattern recognition concepts. The strawman proposal included five
additional criteria. These will be deleted in the final implementation document.

Concur. The five criteria (intermedia interactions and geochemical processes, not an
expected contaminant, blank data, regional background range, and influence of field
activities) have been deleted.



5. The non-background popufation is defined as the entire operable unit remedial investigation
set. The data aggregation for the purpose of background companson will be done within the
area defined by the operable unit boundaries.

Concur. Analysis will be done on an OU-wide basis.

6. The attached flowchart, "Background Comparison Methodology", distributed at the
meeting will be clarified. It is EPA's understanding that all the data sets will undergo the hot
measurement test and the battery of inferential statistical tests (Gehan, Quantile, Slippage, and
T-Test) provided the data satisfies the conditions stated in the strawman and on the flowchart.
If any one of these tests, including the hot measurement test, shows significance, the analyte
will be further considered, using professional judgement, as a contaminant of concern. The
flowchart would benefit from the addition of decision blocks after each test indicating the next
step if significance is demonstrated or not.

Clarification. The chart "Background Comparison Methodology" attached to EPA's
memo is not the same as that distributed at the September 29, 1993 meeting and
contained within the strawman proposal. The difference is that nonparametric
ANOVA tests are given as options to the Gehan test in the chart within the strawman
proposal. Because the Gehan method is not standard and will therefore incur practical
liabilities (e.g., the method has not been adequately tested and verified, preliminary
usage shows 1t to require excessive man-hours, and subcontractors will need to be
instructed in its use), we want to retain the option of performing standard
nonparametric ANOVA testing, using the Wilcoxon or. Kruskal-Wallis tests, instead of

the Gehan test.

Additional clarification. All tests will be performed, if applicable, regardless of
whether other tests demonstrate significance.

Concur with the need to redo the flowchart. This has been done.

6. (continued) We also have some specific questions that need to be addressed in the final
document:

a. What happens to data which is carried through the slippage test but does not qualify for the
t-test?

Clarification. The data that do not qualify for the t-test will be routed to the "At Least
One Test Significant?" block. The flowchart has been revised to show this.

b. What is the basis for the 20% detect value as the criteria for the Quantile test? How does
this criteria relate to the criteria for applymo this test as stated in Dr. Gilbert's report on page
20?7

Clarification. Dr. Gilbert's method proposed looking up tabulated values for n and r
parameters. The quantile test could be correctly applied only if the largest n values



were all detects. Our statisticians have stated that, typically, this restriction equates to
the largest 20% or less of the combined sample sizes being detects, and recommend
using a flat 20% to simplify application.

"c. What is the basis for the criteria of N> 20 value for background and operable unit data?

Clarification. Our statisticians derived this value from application of the Central
Limit Theorem for a two sample problem. If both samples have N=20, then there
will be 38 total degrees of freedom, which will permit assumptions about the
distribution.

7. EG&G's claim that these impacts [of implementing Dr. Gilbert's recommendations) could
range from $30,000 up to $120,000 per operable unit is not supported by the information
provided. In fact, it appears that there is some evidence that implementation will not
negatively impact costs or schedules.

Do not concur. EG&G had provided reasoning behind these estimates in memo 93-
RF-11078 (STATISTICAL METHODOLOGY FOR BACKGROUND AND
COMPARISONS AT THE ROCKY FLATS PLANT - NMH-463-93) dated September
15, 1993. Because the Gilbert method requires additional work, there will be cost
and/or schedule impacts '

In addition to the impacts mentioned above, 51°n1ﬁcant cost impacts are annc1pated to
result if the Gehan method is used. For OU11, approximately 200 hours were
required to perform the Gehan test, when less than 40 hours would have been
sufficient to perform standard ANOVA testing.
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ATTACHMENT B

Response to CDH letter "DOE Proposed Methodology for Statistical Comparison of Remedial
Investigation Data at the Rocky Flats Plant” from G. Baughman to R. Schassburger, dated
10/13/93

1. To minimize any potential future misunderstandings of this agreement, the Division feels
that it is critical for the Agencies to develop a formal guidance/policy document
institutionalizing the agreement. The Strawman document was written for the purpose of
facilitating agreement among the Agencies. However, the end users of this document will be -
the operable unit managers and sub-contractors preparing and reviewing RFI/RI reports. The
majority of these people were not involved in the development of this methodology. It is
critical to the future of this agreement that final documentation of this agreement be
developed to clearly and concisely guide future end users in the implementation of this
methodology. This formal guidance should be completed in parallel with the implementation
of the agreement.

Concur. When the strawman has been completed and accepted by all concerned
parties, it will then be rewritten as a procedure for statistical comparison of OU data
to background.

2. The Division recommends that the title of this document be revised to more accurately
reflect its content and intent, that being methodology and guidelines for the comparison of site
data to background data. The Division proposes the title, "Guide for Conducting Statistical
Comparisons of RFI/RI Data and Background Data at the Rocky Flats Plant,” for
consideration.

Concur. The CDH's proposed title is an lmprovement to the current title, and has
been adopted.

3. One of the central themes of Dr. Gilbert's recommendations was the need for statisticians
to be involved throughout the entire process. However, statistician involvement is not
discussed in the methodology. The division requests that the role of the statistician in
implementation of this methodology be clarified in this document.

Concur. Statisticians will be employed to verify that the methods used are correct.
The strawman has been rewritten to incorporate this.

3

4. The Division does not believe that references to specific DOE sub-contractors are
appropriate in this document. The Division recommends DOE review all references to sub-
contractors and, where appropriate, modify the reference to more accurately reflect DOE's
role and responsibilities.

Concur. References to DOE subcontractors have been eliminated.




5. This section (Determine Background and OU Target Populations) outlines the steps for
matching site and background populations. However, it is unclear exactly how the matching
will be implemented. The Division recommends that the rationale for combining
media/geology groupings for testing be detailed in this section. For example, any criteria for
minimum group size necessary for statistical testing should be specified. The Division further
recommends adding a table or diagram depicting the general rationale for grouping data by
media and geology.

Concur. The strawman states that the OU will match one or more of several
specified background media. In addition, the strawman has been changed to require
that a cross-reference be performed between the site and one or more background
media.

6. As discussed during the September 29th meeting, and emphasized by Dr. Gilbert, it is
critical to statistical hypothesis testing that the hypothesis to be tested is explicitly defined and
clearly stated. The Division recommends a statement of the test and null hypotheses, in both
"english" (narrative qualitative description) and statistical terms, be added to this section of
the methodology so there is no misunderstanding of what is being tested. This statement .
should also address confidence and power requirements for the tests. -

. Concur. The strawman has been modified to require statistical and prose statements
- of the null and alternative hypotheses.

7. The Division does not agree with the blanket statement at the beginning of this discussion,
"Under current IAG schedule conditions, analytical data will not be 'validated' when.the
background comparisons will be made in each draft report.” This claim is not substantiated
by the schedules submitted by DOE in the approved OU work plans and is in direct
contradiction to Dr. Gilbert's Task 5 recommendations. Dr. Gilbert states that, "These data
quality evaluations are conducted prior to descriptive graphical analyses and formal statistical
tests.” In finalizing this methodology, the Division recommends that DOE follow Dr.
Gilbert's recommendations for data validation before formal graphical presentation and
statistical testing. The need for variance from this approach will be considered by the
Division on an QU specific basis.

Do not concur. Under the present system of data validation, the non-validated data
are used only for the draft RFI/RI. The final RFI/RI is based solely upon validated
data. The lag time between receiving data from the laboratory, and validated data
from the independent subcontractor can exceed one month. Waiting for 100%
validation may impact schedules, but will probably not change the results in the final
RFI/RI. The potential impacts of using non-validated data at each OU will be
discussed on a case-by-case basis. "

8. The Division recommends DOE add a discussion of detection limits to this section of the
methodology. In the past there has been confusion as to what detection limits are being
reported and used (instrument detection limits vs contract limits vs reporting limits). Part of
this confusion may be because detection limits have not been formal discussed. This section




should state what detection limits are to be used in statistical testing and how they are
determined from the RFEDS data set.

Concur. The strawman addresses detection limits, and it specifies how determmauons
are made on how to handle non-detects.

9. The Division recommends that this section (Preliminary Exploratory Data Appraisal) be
moved to the Data Presentation section.

Clarification. We have determined that this section is not necessary, and its steps are
generally redundant with the Data Presentation sections, and so we have deleted this
section.

10. The Division interprets this section as describing the informal data analysis conducted
during RFI/RI preparation and not normally included in the formal RFI/RI report. The
Division recommends adding language to indicate that this informal data analysis will be
made available and reviewed with the regulators in evaluating the appropnateness of the
scope of the formal RFI/RI proposal.

Clarification. We have determined that this section is not necessary, and its steps are
generally redundant with the Data Presentation sections, and so we have deleted this

section.

11. The Division does not agree with DOE's recommendations that box plots are applicable
only when there are no non-detects. The problem of estimating percentiles for data sets with
multiple non-detects was not resolved by Dr. Gilbert. The Division recommends that when a
reasonably small percentage of non-detects are present, percentiles be estimated using
Maximum Likelihood Estimation (MLE) techniques in constructing box plots.

Concur. We will provide box plots unless the percentage of non-detects exceeds
50%. The 50% figure is chosen for consistency with the 1993 Background
Geochemical Characterization Report (September 30, 1993).

12. The Division does not agree with DOE's sugoestlon that histograms are not useful for
small or highly censored data sets, such as inorganics. As stated by Dr. Gilbert, such
histograms are not likely to be useful in visually assessing whether the data sets are better
modeled by a normal or lognormal distribution. However, they may still be useful to visually
compare the spread, central tendency, and skewness of. the two data sets to look for
differences that may be important. .

Concur. We will provide histograms unless the percentage of non- -detects exceeds
50%. Bars in the histogram will be shaded to mdlcate the percentage of detects and
non-detects within each bar interval.

13. The Division recommends that a discussion be added to this section of the methodology to
address what to do when a UTL 99/99 can not be reasonably estimated or is unknown (ie




small or highly censored background data set).

Concur. We have modified the strawman to state that professional judgement and use
of geochemical standards will be used. The result will be a geochemical mterpretauon
of data, subject to agency review and approval.

14. The reference in Footnote 2 to OU 1 is not appropriate and should be removed. The
inferential tests conducted at OU 1 were the result of a compromise agreement, are not
precedent setting for other OUs and are not the tests being proposed in this document.
However, as stated in this note, limited professional judgement as presented later in this
document may be applicable.

Concur. This footnote has been deleted.

15. This dlscussxon (Footnote 3) should be moved to the DQOs or statistical test deﬁmtlon
section of the document.

Clarification. This footnote has been deleted. We intend to use a p value of 0.05,
and the foomote made that intent unclear.

16. The Division does not agree with the limitations DOE has placed upon the Slippage Test.
The slippage test can be applied to data sets when the largest background point is a non-
detect. If the largest background data point is a non-detect then logic must be applied to
determine if the slippage test is applicable, but the test should not be categorically eliminated.

Concur. We have rewritten the strawman to state that, if the largest background data
point is a non-detect, we will apply judgement to investigate whether or not the
slippage test is applicable.

17. The Division recommends limiting the use of professional judgement to the first three
criteria; spatial distribution, temporal distribution, and pattern recognition. In addition, it is
recommended that the introduction to this section inciude acknowiledgement that in applying
professional judgement, the "burden of proof™ lies solely on DOE. Professional judgement
will only be considered by the Division on a limited basis where well documented and
defensible evidence is presented.

Concur. We have eliminated the last five criteria from the strawman, and
acknowledged that we will bear the burden of .proof.

+

18. To make the process more efficient the task of eliminating non-detected analytes should
be completed prior to data presentation. The flow chart should be modified to reflect this

change.
.Concur. We have changed the flowchart. CDH's comment improved the process.

19. This flow chart is confusing and difficult to follow due to the many multiple and




undefined branches. To minimize the potential for misunderstanding this chart must either be
clarified or deleted.

Concur. The flowchart is too important to delete. It has been clarified. Lines
denoting the flow of information have been deleted, keeping only the lines denoting
flow of control, in accordance with common flowcharting techniques. Decision blocks
have been transformed into diamond shapes. Alternative "No" paths have been added
for the blocks labeled "No Non-Detect Present...OU Data Normally Distributed?",
and "At Least One Test Significant?” Finally, the block representing the conditions
which must be met prior to performing the t-test has been changed to reflect the

conditions given in the text.
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Guide for Conducting Statistical
Comparisons of RFI/RI Data and Background Data
At the Rocky Flats Plant

General

This document is intended to provide guidelines for OU-to-background comparisons of data, and .
to explicitly discuss approaches to the issue of determining OU-specific contamination. The OU-
to-background comparison will be applied for inorganics and radionuclides. In addition, the
comparison may occasionally be performed for organics on a limited, case-by-case basis, subject
to EPA and CDH approval.

It is important to establish a common approach leading to a common list of possible contaminants
for each QU. To this end, the Figure GENERAL APPROACH TO DETERMINING
"CONTAMINANTS" was developed. In this general technique, a "Tool-Box" approach is
employed to arrive at one common list of contaminants for each OU (or subdivision), for all
functional aspects of the RFI/RI and CMS/FS. ’

As indicated, several disciplines such as the Human Health or Ecological Risk Assessors and
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern"” (COCs)
based on factors germane to their application (e.g., toxicity).

The text below follows TASK 4: FLOWCHART FOR COMPARING OU DATA TO
BACKGROUND.

%)
4
1%

=

Determine Backeround and OU Target Populations

Appropriate geographical, geological, and temporal data sets will be defined for comparison.
This is essentially a matching exercise so that Site (OU) data sets are comparable to background
sets. Consideration will be given to issues such as:
!

Geologic materials d

Hydrostratigraphic unit

Temporal comparability

Sample size for statistical tests

Confidence in geo/hydrologic regime determination




. 'até ollection and Validation

2

The background data sets will be taken from the current version of the Background Geochemistry
Report. The following media have defined backgrounds: groundwater (Rocky Flats Alluvium,
valley fill alluvium, colluvium, weathered sandstone, and unweathered Arapahoe/Laramie
formation rocks), surface water (Rock Creek and Woman Creek), seeps, stream sediments (Rock
Creek and Woman Creek), seep sediments, and soils (Rocky Flats Alluvium, colluvium, surficial,
weathered claystone, and weathered Arapahoe, Laramie sandstone). Tables that cross-reference
site media to background media will be provided.

Set DOO's

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that collection
activities support those needs, and ensure the quality and quantity of resultant data. Three stages
are used in the development of DQOs:

Identify Decision Types:
Identify and involve data users,
Evaluate available data,
- Develop a conceptual model of the study site, and
Specify RFI/RI ob_;ectwes and anticipate the decisions necessary to achieve the
objectives.

Identify Data Uses and Needs:
Identify data uses,
Identify data types,
Identify data quality needs,
Identify data quantity needs, _
Evaluate sampling and analysis options, and :
Review data precision, accuracy, representativeness, completeness, and
comparability (PARCC).

Design Data Collection Program: -

Assemble data collection components, and
Develop data collection documentation.

“Under current IAG schedule conditions, analytical' data may not be 100% "validated” when the

background comparisons are made in each draft report. . The potential impacts of using non-
validated data will be discussed on a case-by-case basis.

Data Presentation
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Several data presentation techniques were identified by Dr. Gilbert as appropriate for different
conditions. To perform them all for all compounds in a standard full suite is not necessary when
it is clear from a preliminary review that the vast majority of data points for some compounds
are entirely or almost entirely non-detects.

Accordingly, we have refined the methodology as follows:

Box plots will be used when the percentage of non-detects is 50% or less.

Histograms will also be used when the percentage of non-detects is 50% or less. Bars
in the histogram will be shaded to indicate the percentage of detects and non-detects

within each bar interval.
Probability plots, ordered listings, and other graphics will be used as appropriate.
As indicated by the OU1 process, visual presentation of the data is important. Interpretable

graphics will be produced to the extent that they facilitate analysis. In general, graphics will be
a central feature of analysis.

BACKGROUND COMPARISON METHODOLOGY TOOL BOX APPROACH

Employing: Bounding-Benchmark Comparison (Hot Measurement), Inferential Staﬁstics, and
Professional Judgement

;.:»f:j. ~ General "~ -

*"" The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and

professional judgement. This approach was forwarded in the OU1 comment-resolution process,
endorsed by Dr. Gilbert, and is widely applied in the hazardous waste industry and environmental
business across America. It employsa "weight-of-evidence” framework wherein all three aspects
are factored into the determination of what is a Site (OU) contammant Statisticians will be used
to verify that the methods used are correct.

unding Ben hmark mparison "Hot Measurement Test" omponent .

o A hot-measurement test will be performcd ‘that will compare each analyte concentration
to an upper-limit value for that analyte.

0 The upper-limit value will be the value at which there is 2 99% confidence that 99% of
the background distribution will be below this value (UTLgges). If the UTLyg 00 cannot
be calculated or reasonably estimated, then background values from technical literature
and professional judgement will be used. The resulting geochemical interpretation of data




will be subject to Agency review and approval.

o The UTLy is required instead of a toxicity-based value because a single list of potential
contaminants must be used by many disciplines (Human Health, Ecological, Regulatory,
etc.,) to ensure consistency across the RFI/RI and CMS/FS Reports. The subjective
nature of what is "hot", as well as toxicity and ARAR considerations, will be dealt with
by the specialists who determine COC's specific to their discipline. See the Figure
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT for a comparison of UTL's
and Human Health Toxicity-based "Hot-Measurement” values.

o In addition to ensuring that high concentrations do not get overlooked, the UTLgg/g is an
important tool for identifying locations of suspected elevated concentration in the nature
and extent section.

Background Comparison Using Inferential Statistical Methods

Based on Dr. Gilbert's work, the following inferential statistical tests will be used to compare
background data sets to data sets compiled at the Operable Units (OUs). These data sets will be
compiled and compared by analyte, and by the correct background data set (i.e., colluvium,
alluvium, alluvxum + colluvium, surface soils, etc. [See Determine Background and OU Target

Populations]).

It should be noted that Dr. Gilbert's recommendations establish a framework that emphasizes
using the most appropriate test available. Thus professional judgement will be necessary both
in application of inferential tests, as well as their interpretation. Additionally, within the
framework of a battery of tests drawn from a “"tool box" of methods, it is requested that EPA
and CDH remain open to consultation on the use of other tests as appropriate.

The results of all tests (hot-measurement, inferential) will then be evaluated in light of
professional judgement.  This process is depicted on the figure BACKGROUND
COMPARISONS METHODOLOGY.

If hot-measurement or inferential statistical tests show that the concentration of a given analyte
in the OU data set is not greater than the concentration ‘in the background data set, and if
considerations in the professional-judgement arena do not override, then the analyte is considered
not to be a contaminant.

If either the hot measurement test or at least one inferential statistical test shows that the -
concentration of a given analyte in the OU data set may be greater than the concentration in the
background data set, then professional judgement (using temporal and spatial analysis, as well
as pattern-recognition concepts) is again applied to see if the analyte concentrations in the two




data sets are actually different.

After the hot-measurement test and prior-to the use of statistical testing, the issue of non-detects
must be dealt with for all tests except the Gehan test, which can be applied with non-detects
present. For all other tests, nondetects should be replaced with a value of 0.5 times the
applicable detection. limit, following EPA guidance (Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, July 1992), but
realizing the performance of simple substitution decreases with an increasing proportion of non-
detects.

The handling of non-detects; and the presence of multiple detection limits in the RFEDS data
base, requires the use of good professional judgement along with the general guidance offered
here. The use of graphical displays of data will assist in the handling of high-value non-detects.

A discussion of detection limits will be given at this point.

Gehan Test or Nonparametric ANOVA Test

0 The Gehan test is 2 nonparametric test and can be used when multiple detection limits are
present. The Gehan test will be applied without replacing - non-detects These are the
principal favorable attributes of the Gehan test.

0 Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are
widely used in environmental assessment, and are discussed in EPA guidance (Statistical
Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim
Final Guidance, July 1992). These tests require replacement of non-detect values, either
by simple subsntunon or max1mum-hkehhood methods

0 For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values
that are equal to or less than 0.05 will normally be considered indicative of a significant
difference from background. Statements of the test and null hypotheses wxll be given, in
both stansncal and narranve terms.

0 The quantile test is also a nonparametric test and can be considered as a rapid screening
test. ‘ : ‘

] Due to limitations in the quantile test, the test will only be used if the lafgest 20% of the
combined background and site data are detects.

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate
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a significant difference from background. Statements of the test and null hypotheses will
be given, in both statistical and narrative terms.

Slippage Test

o)

0

The slippage test is a nonparametric test and can be considered as a rapid screening test.

Due to limitations in the slippage test, the test will possibly not be used if the largest -
background value is a non-detect. If the largest background value is a non-detect, then
professional judgement will be applied to determine whether or not the slippage test is
applicable. For example, if the second largest background value is a detect and is similar
in value to the largest background value, it could be used in place of the largest value
(although the replacement must be taken into account when interpreting the test results).

A p-value will be generated and p-values that are equal to or less than 0.05.will indicate
a significant difference from background. Statements of the test and null hypotheses will
be given, in both statistical and narrative terms.

T-Test

o

The t-test is a parametrié test and is very commonly used when testing the difference
between means of two data sets.

Due to limitations in the t-test, the test will be applied in cases where both background
and OU data are normally or log-normally distributed and contain at Jeast 20 data points,
and less than 20% of the background and OU data are classified as non-detects.

A p-value will be generated and p-values that are equal to or less than 0.05 will indicate
a significant difference from background. Statements of the test and null hypotheses will
be given, in both statistical and narrative terms.

Due to their wide use in statistical applications, including regulatory settings, it is possible that
ANOVA (parametric and non-parametric) tests may qualify as the most appropriate tests,
notwithstanding their limitations with non-detects and multiple detection limits. DOE and its
contractor shall confer with EPA and CDH, and seek regulatory assistance prior to the use of
these tests, and any other tests deemed applicable, as appropriate. For example, see the attached
Figure 1-2, SELECTION OF STATISTICAL METHOD FOR COMPARISON OF
BACKGROUND AND NONBACKGROUND POPULATIONS, from the 1993 Background
Geochemistry Report. ~ -

Professional Judeement
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The following general guidelines will be used individually and collectively, in conjunction with
the above comparison and statistical “tools" to ascertain if a reported analytical detection(s)
constitutes contamination at the OU. When professional judgement is applied, documented and
defensible evidence will be furnished, and DOE will bear the "burden of proof™.

o

Spatial distribution of analytes above background are or are not indicative of
contamination due to waste-related activities at the QU. Spatial plots, interpreted in a
source-to-receptor conceptual model, in addition to compound-specific mobility
considerations, generally assist in interpretation of inconclusive results.

Temporal distribution of analyte concentrations at a station indicates the "high" value(s)

" is(are) outlier(s). Time-series plots at wells or surface-water locations can generally be

used to link apparently insignificant outher reports to seasonal or hydrological

. phenomena, and vice versa.

Other associated analytes are determined not to be contaminants in the sample or at the
station. Then this may be added to cumulative evidence ("burden of proof”) that the
analyte in question is not a potential contaminant of concern. Pattern recognition
concepts are useful in 1dent1fy1n° anomahes as well as confirming "fingerprint”
associations.
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UPPER TOLERANCE LIMIIS BY GEOLOGIC UNIT Qf' ' ?y/ v \{\‘f/
CROUNDWATER. DISSOLVED METALS ] ol
GEOLOGIC SAMPLE PSACENT STANCARD LAST YEAR'S
ANALYTE UNIT SZX N DETICTS MEAN + DEVIATION °9/99 UTL 95/95UTls  1000°R8C ~  UN(TS
ALUMINUM coL s 7.4 £9.18 4550 2421 =97 e
ANTIMONY coL 23 EAEA 14.54 $.50 48852 5128 15,000 uGA
BARIUM coL =4 75.41 $T.LS 5.0 2c7.99 198 2,520,000 UG
CADMIUM csL 34 =3 197 1.67 7 CELER 37.000 vGa
CALCIUM coL 2s 102.00 $6.214.79 34,2555 210,868.29 e/ e
CHRCMIUM coL =2 .12 <87 L83 .03 180.000 UGA
COPPER coL =3 L2 o8 420 1827 : UGl
IRON coL > 6176 45.53 7520 3170 AN uaL
UTHIUM coL > (18] =77 84.53 40€.30 2618 usL
MAGNESIUM coL = 100.00 20.478.41 10.610.71 £5,070.91 7E.E65 uGn
MANGANESE coL 28 74.29 210 sa.88 161.12 747.01 £.100.000 uGh
MOLYBDENUM 18 23 4242 © 1838 LR 127.27 60.68 122.000 UGt
POTASSIUM o18 =3 M.25 2.058.26 150358 2.512.03 17.187 UG
SELENIUM SL 22 2% 17.40 4229 €2 1£7.56 180.000 uGn
SILVER coL 2 258y = PR 3| 1R .4 $20.000 var |
SCOUM coL s 100,00 58,454 29 64.522.21 31258428 884,474 * : wsa |
STRONTIUM coL = $7.05 701.58 37420 1.945.08 5.421.7 22000000 UG
TIN o a1 11.54 &t 07 [rAL] 25818 2.00C.00Q UGy |
VANADIUM ¢l 2 es.82 L.s37 725 34.84 3554 252,000 UGy ¢t
2ZINC ¢S s 7429 11.39 10.64 4678 ®= 11,000,000  UGA
n
ALUMINUM AFA 1.1 TEL0 62.23 12583 38154 ==.7 vet &
ANTIMCHY RFA 2t 15.45 837 ise 4861 SIS, i3 R=a ST
§ SARIUM FEA R £33 el 2420 12339 . 2£50.880 L3l ¢
i cASMIUM 22a .7 = .58 173 sr.oe veL &
] calcium FFA 113 106.00 765553 o 51.245.C8 usR
CHEOMIUM sEA 2e2 25.53 256 223 223 150,200 e ©
cZFega £FA 112 FLRE 53 4.2 1443 SR g
RSN FFA 213 T5.5%5 7022 H el 456.82 2859 ven |
L=8D AFA 113 2622 .23 .o €43 vsL
- UTHILUM AFA 309 6.0 12.£8 17.28 2312 12.48 LaR
MAGNESIUM RFA ez §1.55 425621 1.285.27 7.455.69 val h
MANGANESZ FEA 13e 2.8 €37 (8- 411 £.300.600 et o
MOLYSDENUM EFA 106 ses 1527 423 $8.£8 60.£3 1£2.000 uGaR i
f NICKZL REA <6 875 T.E8 .58 285,49 LaL !
4 POTASSIUM FFA 119 75.08 §T8.5% TS5 257048 . uaa
3 SILWVER RFA 1cS 28,57 oy LES ¢ T ) 1EC.0C0 (Hh N
SOCIUM EFA 312 se31 750021 1,742.42 11.657.40 40,851 va
STAODNTIUM RFA 112 25.61 12203 51.05 Sx1.29 22,000,000 uat |
TRALUUM RFA §2 21.74 1.53 et s uaL ¢
TIN RFA 100 41.00 Potord .02 1ce.58 .59 200000 vGL !
VANADIUIM FFA 3%t el 6.58 5.58 .54 18,84 250,000 LGl
ZNC RFA 113 70.25 1%.69 18.83 61.88 . “w= 15,040,000 UG

\

<. Zxamsote RECs lor iilusTason of Tie typie) range of a 105+3 ABC. -
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UPPER TOLERANCZ LIMITS BY GEOLOGIC UNII

GROUNDWATER, DISSOLVED METALS (CONT)

GEOLCGIC SAMPLE PERCEINT STANDARD LAST YEAR'S

ANALYTE UNIT SIZE N DETECTS MEAN DEVIATION 99199 UTL $5/95UTLs  100C*ABC ~  UNITS
ALUMINUM YFA 74 24 A2 331 1€3.11 =9.7 UG
ANTIMONY VFA € 237 16.£3 8.82 Q47 s128 15,000 UGA
BARIUM YFA 74 349 sa.78 LS5 262 2142 2.£30,000 uGn
CADMIUM VFA 67 =3 1.7 114 18 37.000 UGA
CALCIUM vFA 7 100.00 61.597.57 50.567.01 1ZITERES 125795 UG
CESIUM VFA 82 7.42 265,67 435,83 1,832.24 UG
CHROMIUM' VFA b3 LLET] 27 240 e 180.000 UGl
COBALT VFA €S 24.62 53 12 20.63 LGl
COPPER VFA ral sacs S04 4.67 133 uen
IRCN VFA 3 8243 4754 s0.27 IRE 255.9 uGL
LEAD VFA 74 2563 136 134 £24 UGA
UTHIUM VFA Kt 7a.c8 . =28 =9 s2.09 14899 uGA,
MAGNESIUM VFA 73 [ 7 I2.£70.94 €.554.47 250027 84,558.9 uGL
MANGANESE VFA 73 7123 Erivr) 7.9 s=s47 7516 £.500.000 UG
MOLYBDENUM VFA 70 Dz 16.44 3 11237 60.68 180,000 vet
NICXEL VFA 70 7 £37 €28 2572 20.65 730,000 UGl
PHCSPHORUS VFA 4 100.00 178,75 325 Lot UGt
POTASSIUM VFA 75 84,00 148502 74883 amna? £.390.8 : . ugL |
SELENIUM VFA 65 4.8 358 10.20 . = 180,008 usa.

_ SILVER VFA € 25.4% 28 221 ; .23 +60.000 usL
SCoIUM VEA 74 100,00 X TLR] 1820612 £3.567.3% 148,529 usa
STAONTIUM VFA 72 sT2 a7e.E1 o832 1.000.57 2.525 2e00.000 USA ;
THALLIUM VFA [~ 7 .59 .53 < . : uGL g
TN VFA 72 ey <} .55 807 bR £.28 SLORL00 uGaL lt,
YANADIUM VFA 2 70.£3 pR-C] =2 . 2258 1554 252.000 vea t.
INC VEA 74 20 12,10 1673 exe9 so.2 11.000.000  L3L §

:l‘

ALUMINUM wes = £1.82 ag.zte I8.70 1aE e =s.7 ven i}
ANTIMONY wC3 23 £1.62 1784 s.€8 .22 €728 1£.02¢ (U U
EARIUM wes 5 £2.2¢ sass 4228 oasoe Iu7.8 2.500.63¢C LA
calsiuM wes = 106,00 £8,676.47 2877154 15675285 216219 ver
CESUM : ‘~CS b3 2553 17423 1S8.53 3L e
CHADMIUM wes ) 536 N 242 16=7 120,200 van |
corFeel wces 2 R €58 L7 sass ush
IRON wCSs = 7647 o A Q256 18378 5.8 ven W
EAD wCS =] g .87 ER 14.53 el |
WUTHiUM wes o 75.47 == 208 ==cs 1§73 vea f?;
MAGNESIUM wes 4 100.00 1255009 £.0£9.68 40,028, €£.255 % B
MANGANEEE wCs =3 £1.22 .19 91.€3 23548 1228 £100.000 uga !

1 MOLYSDENUM wCs = 7S 27.23 .01 1ELTE £0.58 163,000 vea” 5

§ NixsL ) wCs 31 Pt 699 7.49 = 720,000 van -k
POTASSIUM wes £y £z, 1.532.22 £7%.64 422104 1240 ) var |
SELENIUM wes 52 s2.00 10.04 1651 6220 =33 182,000 var
SIVER wCs 31 X 291 187 5.65° 150.000 LGl |
‘sgonM wes .. 2 10000 . 403384 ££.180.£2 mes<5.22 0 157.286 .oven
STRONTIUM wes LY 100.00 451,79 230,56 1.735.01 - 2242 000000 UGR L/
THALLIUM wCs s .4 579 159 LR vt
il wes 2 3.78 5.52 A7 138,87 78S TOOAL0 UL
VARADIUM WCS 3 (1R} £33 a1 E3 .S, 260,090 vsh ‘]
et wCs u (L] [3eBo2 ] %9.41 78.43 [ obac $4.200.060 UGsA 5

~ E=amote FECs tor ilusTzoon of Te fypical rance of 2 10E+3 AEC.

|
|

S |



 UPPER TOLERANCE LIMITS BY CzOLOGIC

UNIT

CROUNDWATER, TOTAL METALS “ea
GEZOLOGIC SAMPLE PERCENT STANGARD LASTYEAR'S .- !

ANALYTE uNry SIZE N DETECTS MEAN DEVIANION 99/99 UTL  SS/SSUTLs  1000°ABC =  UNFTS |
ALUMINUM St 19 102.00 74811 7es.02 e 45022 uen ;
ANTIMONY coL 2 200 17.74 $.22 [V 15,000 wen |
ARSENIC cot 0 .00 1.83 1.5 ez s vaL |
SARIUM S Pl 500 50.87 66.40 34573 6325 2520000  uay |
CADMIUM cL D 200 157 174 8.64 M v |
CALCIUM 18 e 100.00 99.540.00 37.654.79 243,816.23 254220 . ven |
CHROMIUM S 18 =2 458 4.35 21.88 FLIE) 380,000 vel |
COPPER col pree} £s.00 8.239 13.21 54.54 uai f
IRON ccu 19 100.00 6501 s 230292 e UL |
LEAD coL 18 e 228 az7. 19.18 252 vea,
LTHIUM cot - 20 L800 117,54 6.4 448,25 L)) usL [,
MAGNESIUM oL 20 10000 +  21.220.00 11.477.51 £2.056.75 18528 uGa *
MANGANESE 18 e $5.00 £7.48 1282 =173 1281 5300000  UGL
MOLYSDENUM coL 2. .00 .8 3519 174.LS 183,000 uGn
NICXEL oL 18 223 728 et =208 730.000 ugL
POTASSIUM o 2 73.00 2012.25 1,853.28 9.253.€2 8250 U
SELENIUM csL 18 ee.E7 15.04 47,11 oones 80,000 VGA |
SIUCON o1 12 100.00 £.60.75 268231 22.008.64 = vax !
SCOWM coL o] 100.00 101.010.00 | 6RT3&T4 36435648  2.406.648 uGn |
STRONTIUM =18 2 100.00 7oeLs ar5.49 212959 4,001.5 =o00.000 UGA
THALIUM L D 00 1.8 .78 L) uGa
TN cL ‘20 .00 2e08 ss£2 167.28 22,000,063 el
VANADIUM SL o) 7500 1882 o 12170 14£.5 260,000 UGl
2NC cse 2 5500 2555 2614 170.01 T3 1100009 UG

'

ALUMINUM 33 33.54 2.6:4.88 £.057.31 13 Jowan g 8,252 LGl

1 AnNTIMCHY € szzs 23.40 1561 E3.E8 18220 vea |
ARSENIC 51 T 207 178 7.5 3 v
ZARIUM 5 ¥ 85,13 se7s s €ca.s 2255.009 vsn |
cALSiUM €7 196.00 32.£60.29 17.55¢.04 sazee sT2s1 val |
- CEISIUM es = 150,64 22 766,54 vaL J
CHAOMIUM 64 se1s 221 7.49 5089 s 120000 uel |
coealty €5 oz e.46 10.23 .7 e |
coroer 1] i+ ozs 13.26 £3.48 U
RSN 65 se.c8 sz=2ce £.553.89 P £2.212 vl |
1220 £3 71.43 54 252 BT ze2 uGn |
LITHIUM & Tes2 17.:5 15.09 T8 228 usL
MAGNESIUM 6 see2 £.050.67 211287 1147539 11,267 v |
MANGANEEE &5 a1 50.09 12259 £3£.73 1089 £:00.000  UBL
MCLYSOENUM . 68 ez 2020 asss 147.59 T 120,000 ual
* NICKTL 55 51 128 1122 47,28 720000 ver
POTASSIUM AFA 65 76.47 157848 1.190.£2 215854 1€.19 LG
SIWCON REA 74 102.00 15.633.52 11.446.15 5577 32828 uaL
SCCIUM AFA & $7.01 7.757.16 195528 13.865.32 12469 UGl
STRONTIUM | RFA 64 faiz LD 2saT = 44T, ZES4 . L TRO00000.. UGA
"N RFA €3 e Y. 25.65 128,28 1T 22000000 UG

§ vaxapium RFA €€ TESS 1T 2123 ST =7 "250.030 vaa

§ =NC ArA &7 £8.05 B2e ] .83 7i 11.200.0%0  UGL
- RSC.

Zxampe £

:3Cs ‘or Gluzzasen ¢! Tie typical range of a 1083




UPPER TOLERANCE LIMITS BY G=OLOCIC UNIT . -
GROUNDWATER, TOTAL METALS (CONT) . e T ZE
GECLOGIC SAMPLE PERCENT STANDARD LAST YEAR'S RN
ANALYTE UNIT SIZE. N OETECTS MEAN DEVATION 99/99 UM, $S/SSUTLs  100C°REC ~ ° UNITS
ALUMINUM VFA 43 97.67 2.550.55 2909.13 14,2586 46,022 e
ANTIMONY VFA 4 an 16.54 9.85 47.64 +5.000 uGA .
ARSENIC VFA 4 3.7 1.70 .57 6.ts s ven !
EARIUM VFA Q [L%r) 19277 s0.58 210.51 6cas 2.650.000 vea
CADMIUM VFA e} 288 1.79 173 7.29 37.000 vl
CALCIUM VFA « 100.00 60,261.72 5378 125,445.78 34,078 . varn |
CZSIuM VFA ] .00 142.26 184,65 741.90 UG
CHROMIUM VFA 42 50.00 656 6.29 2e.69 JELY 180,000 UGA
COBALT VFA L] 2083 6.3 (X4 = vaan !
COPPER VFA Q 8.4 10.43 1248 49.80 . van |
IRON VFA Q 102.00 279 4,579.64 17.:81.28 €3.512 LG |
LEAD VFA 40 A 29 228 12.97 FIRL) uga |
UTHIUM VFA Q 1.0 =5 1285 2229 120.4 UG
MAGNESIUM VFA Q $7.57 12.565.24 6.410.62 23.090.74 £5.291 uaL
MANGANESE v VFA Q 9528 s2.28 104.18 421.07 1.081 £,100.000 uGR -
MERCURY VFA Q =zs c.32 0.04 o2s 11.000 vatr |
MOLYSDENUM VFA Q 7.3 18.90 se2s 12009 180,000 UG
NICKEL VFA 3 TVRT I 8.4 : 7.8 3265 * 732.000 van
POTASSIUM YFA &3 81.40 1785133 E K] © 4,667,428 2250 e |
SELENIUM VFA 42 4218 .42 757 28.25 150,000 UGl
SiucoN ‘ VFA 2 30000 15.231.48 N7 £9,186.61 ST8es UG
SODIUM . VFA 3 106.00 22.529.50 16.184.58 £3,992.25 sas.509 - uea
STRONTIUM . VFA aQ se2s 27424 . 20652 ceesT bRt} 2000000 UGR
THALLIUM o VFA Q 2751 5.47 1,597 - 2T a4 - : uGa
TIN VFA €2 2.0 23.28 257 IES . Z00C.000 vaa i
VARADIUM VFA ) 7507 22 10.55 ££.22 L] I50.000 v
el N o VFA L 120.0 3552 <e.ls <2003 I 1022000 el
ALUMINUM weS 1 547 3.505.8 2£30.75 1%.458.37 46.082 . var |
ANTIMONY . wCS . 47,08 +9.03 1.z 63.25 X LS
BaRIUM - wes TR 23 © st 65.05 ey - ecas . 2.800.000 ual |
CALCIUM S wes -9 . 100.00 £3.73%.58 e 108,287.86 1
CZSIUM . . wCs R~ . %00 ige.s2 31~ 1.0:2.27 117.42¢ vaL
CHAOMIUM wes 19 aee ' £40 a2 1.0 23 1£0.050 e h S
CoFPER wes 19 .89 7.25 422 R LGl
IRCN wCs 19 15.47 1.£9¢.19 s.27ms4 14,£22.42 £2.2:2 UGl
LEAD wC3 19 758 2s8 X -] 1289 28.28 ven
UTHIUM wes K [ X =0 155 91.18 88.88 el
MAGNESIUM wCS 1 100.00 " - 14,237,890 375295 -1} 257 e i
MANGANESE . ‘ wes . 19 242 STk ) 22520 3.081 £300000 - .UGAL
MCLYSDENUM = wes 19 @ - 2549 © o adds 206.49 : © 150000 uga
POTASSIUM wes 19 e 1.254.25 50C.67 2.507.76 £.250 ua
SELENIUM . WwCS - 18 £0.00 ' 8.10 . 8.3 84,28 180.000 UG
.t sweoN | wes. w0 100.00 10.474.00 £56637 4074850 2848 - 117
- SToWUM SWES - 19 . 10000 27,257,208 §.231.60 - 'B4.£85.09 .. S2.€s8 _ B <7 O
| STRONTIUM wCS 1 29000 220.47 120.51 §7€.23 15 22000000 UGL !
TRALLIUM “~NCS s 25,78 .55 3.55 $.71 L3
=N o wes . 2L , csze 28458 1€2.25 ) 00000 UGL
VANADIUM w3 19 62.42 3C.57 520 25,29 1288 259.000 UL
§ a~c WweS 1 .21 =51 17.83 ssg8 TIT . 100000 UGR
§

“ Zxampie AECs for diusTason of e Ifvpreal fangeof a 10E+D RBC,
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UPPER TOLERANCE LIDMITS BY
GROUNDWATER, TOTAL METALS (CONT)

GEOLOGIC UNTT

Iy

‘GEOLOGIC SAMPLE PERCENT STANDARD LAST YEARS

ARALYTE UNIT soE N DEECTS MEAN DEVIATION 99199 UTL 95 /98 UTLs  100C°RBC ~ UNITS
ALUMINUM XAR g s1.29 1.791.87 LT 10,837.7 45022 uGh
ANTIMONY XAR 28 n.Q 18 10.40 5528 15.000 uan
ARSENIC KAR 28 243 276 2.c2 a5t S UGA
BARIUM KAR 38 86.11 19295 51.57 28627 2,600,000 UGA
CALCIUM AR 37 10C.00 2508243 20.£31.47 11£.322.79 154,631 UG
CESIUM XAR 25 2571 131.29 17516 Tise2 UG
CHROMIUM KAR 38 2828 £2s 461 20.54 180.000 uan
COPPER KAR 36 (AR} 11.99 21..2 5404 T ueA
IRON KAR 7 54,59 2.229.92 3.€57.44 14,432.1% €2.512 UGA
LEAD XAR 38 6111 ae2 429 18.06 2e.28 uGa
UTHIUM KAR a7 249 40.69 2959 13728 2718 UG
MAGNESIUM KAR 37 94.59 . 6.679.48 £.030.81 22.263.40 28784 uGR
MANGANESE KAR 7 86.45 61.57 R3] 474.75 108 £,100.0C0 UGl
MERCURY . XAR 37 o] 0.%3 0.t c2s 11.00 UG
MOLYEDENUM KAR 26 a2 18.58 2048 125.48 150,000 uGa
NICXEL XAR s 229 e70 TS 2289 T30.00 UG
POTASSIUM XAR 37 25.19 264628 1.7R5E9 £.5368.77 12.625 ' UGA
SELENIUM KAR 36 =23 118 6.& -*v 180,000 LGa
SIUCON KAR 20 10000 9.427.50 6.£31.32 34,535.00 uas
SCSOILM KAR a7 100.00 12957228 134,404.23 22,4216 1,751,482 uGL
STRONTIUM KAR =4 §7.29 295.78 212,28 1.435.50 .82 = €03.000 UG
THALLIUM AR s o7 1,40 1.50 £36 vail
TN KAR s7 553 7.8 3318, 223.28 2 000.0¢0 LG
VANADIUM XAR 28 £5.0 50,43 1135 a7Ts 2788 252.000  VUGL
oNC XAR 28 57 s248 £1.21 Brack. ) Iah) 22,008,502 VG %

) ]

~ cSzampie F3CS 10

r ifilusTacon ¢! Ti€ wpieal ange of a 8E=3 rEC.



= EZxampie RECS lor filusTzoen of e iypicai raageci a ICEe3

UPPER TOLERANCEZ LIMITS BY GEOLOGIC UNIT .
CROUNDWAT=Z. DISSOLVED MZTALS (CONT) .
GEOLOGIC SAMPLE PERCENT STANDARD LAST YEARS .
ANALYTE UNIT ST N DETECTS MEAN DEVIATION $9/99 UTL $5 /9% UTls JOOC°RET =  UNITS
ALUMINUM XAR 65 nr 4821 .02 12267 9.7 UG
ANTIMONY KaR (%] .k 1550 8.7 43.37 5125 15.000 vGA
ARSENIC KAR %9 48.18 24 1.70 rrs £.55 49 UGl
BARIUM KAR (1] 86.25 84,18 21.79 350,44 217.8 2,600,000 vea
CADMIUM XAR 62 =ss 176 .23 £80 27,000 vGn
CALCIUM XAR 67 100.00 PRALY .~ o.sL2rs 106,158,864 206,808 uGna
CESIUM KAR £ 4 2.8 160.68 179.54 TZe.L8 uga
CHROMIUM KAR es 2635 2.97 8 1358 180.000 uen
COPPER XAR es .89 417 a8 1822 UG
IRON XAR 6?7 75.10 2367 2822 141,06 2€s8 uGA
LEAD KAR &4 oD . 180 €27 17.83 UGl
" UTHIUM KAR (33 .22 32.53 27.8¢ 1232 21.88 uGA
MAGNESIUM XAR & $7.01 507216 4,067.56 18,441,63 2=, uGn.
MANGANESE KAR €7 71.64 5.09 T24 . 149.8 £.100.000 uGAa
MOLYBDENUM KAR © 213 16.86 27.01 $9.00 €0.63 180,020 UGl
NICKEL KAR €S poel 21 528 24.56 739.000 UGA
PMCSPHORUS KAR 4 100.00 17478 ESES as.B3 . uGAa
POTASSIUM KAR 67 £5.48 273138 161229 T.E34 <5 14,289 val
SELENIUM KAR [ 5.3 24 .09 478 180,000 uas
SILVER YAR 15 2881 25 0 .03 150,000 UG
SODIUM KAR & 100.00 14209229 125,22:.56 2492278 512187 UG
STRONTIUM RAR ts %0€.00 z2a.c2 457 1.257.60 22058 =oo0000 - ugl '
THRALUUM YAR 2 2143 .72 1.87 T.e2 el
TN KAR es .00 eliorg bt 100.64% 500,000 [
VARADIUM KAR s 2852 .7 7.8 05.21 R X T I0m jiich ¥
zNe KAR & za.fz 16.5% dolye} 21,59 0= 14.200.539 Hetrd j
1
FEC.
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L UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT [
CROUNDWATER, DISSOLVED RADIONUCUOES ‘
GEOLOGIC SAMPLE PERCENT STANDARD . LASTYEARS !

. ANALYTE UNIT SIZ= N DERCTS MEAN DEVIATICN UTL 99/99 ©5/85UTLs  1000°RABC =  UNITS ;
CESIUM-137 coL 2 100.00 0.36 0.42 73 .7 PG ;
GRCSS ALPHA coL >0 100.00 4131 278 s 2653 poN L
GRCSS EETA =i 27 100.00 17.51 3.7 =4 2o peL ;
FADIUM-228 coL : 100.00 .21 €10 0.64 .28 preey T
STRONTIUM-ES,50 coL 3 100.00 c2s 0z¢ .33 as7 1,400 [Yorh NI
TRIMUM ot 3 100.00 732 105.42 450.48 9,64 £50,000 Yo R
URANIUM-T23.234 caL LY 100.00 322 £5.44 =534 294,43 3.00 pcA !
URANIUM-225 L EY 100.00 0.85 158 £.£3 w7 2.000 Y=
URANIUM-238 L 24 100.00 2550 PR ] 180.€3 14166 3.000 pan |}

!
CZSIUM-137 RFA 18 100.00 0.27 ¢.9 1.48 1,700 pC |
GRCSS ALPHA RFA 2 100.00 0.3 .50 L. 1.56 pCN
GACSS EETA RFA 76 100.00 .66 1L ezt .47 sCR
RABIIM-225 RFA 2 100.00 0.17 0.4 7.91 w00 pCt |
PADIUM-28 RFA 2 100.00 22 0.42 EASS 480 pCA |
STAONTIUM-88.50 RFA 81 100.00 cz7 12 csé 0.69 1,400 pcL |
TRMIUM RFA £ 100.00 1£2.03 =0 54120 w2 280,000 e
URANIUM-Z23.234 RFA 78 100,00 (5] 02 c.s3 o2 2.000 sl
UFANIUM-225 RFA Te 100.00 0.c3 .07 =3 0.7 2. Y-
AANIUM-Z38 RFA &5 - 100,00 0.4 .34 0.55 0.8 2.000° sGA
CISIUM-3T VFA 17 100.09 .58 e7s 243 1.700 pCL

| arossaLena VFA £0 100,00 83 ERY TS £.08 FCL
GROSS £55A VFA £ 128,29 X .55 .24 2857 =G
FADIUM- 228 VFA 2 102,00 £.2 e.11 (X3} .25 & sCA
FADIUM-222 VFA ¢ pleXos) o8 c.&2 $.7€ <3 =Cih
STRONTIUMEE.S0 VFA 5 102,05 0.¢S .28 .82 1,408 sCA
TATIUM VFA 27 106.00 19500 2t £46.25 £20.000 e
URANIUM-223.234 VFA X 100.08 zzs s 1€.89 10.47 2,000 2CA
URANIUM-22S VFA & 100.00 o.c8 c.s C.47 c.<3 2,000 FS
URANIUM-Z38 VFA - 49 100.00 1.65 P L2 LAY 3,000 gL
CESIUM.137 wCsS 4 100.00 c.22 [ ] ~6 kg =) [ess 8
GRCSS ALPHA wes 4 100.00 730 LR oe47 =z 2GR
GRCES EETA wCS b} 100.00 423 L= 2841 18,23 pCA
RACIUM-T28 wes 8 100.00 .22 .06 ers .28 w0 soA
STRONTIUM-E5.5Q wes A7, o 10000 .24 c.24 121 0.91 4,420 oL |
TRITIUM wCS 9 <00.c8 o242 1:8.84 55250 oTa.44 £80.200 G |
LURANIUM-Z22, ‘WCS 3 100.00 ‘8.59 21.08 ] SERE 3,000 Y
URANIUM-Z2 wCSs L 102.00 [ Fac] .5t 1.8 c.28 3.00¢ PG
URANIUM-T38 wCS .= 100.0% S5 LR 1487 0.2 2,000 PCA
CESiUM-157 YAR L4 100,09 = e.c .52 .70 P
GACSS ALPHA KAR &« 102,00 333 £24 =e 9.5 sCL
CPLEs ETTA KAR - LY 190.00 233 b5 -4 1C.ES sCA

{ RaDwmz2s KAR H 100.00 nI2 172 szuTs 183 5 FI=a%

? STRONTIUM-ES.90 KR a2 100,60 0.47 528 421 0.5 1 sCU
TRITIUM kAR a9 "100.00 £ BS TLCK Y 4Ty 5.4 £82,090 s
URANIUM-232.224 YAR L4 102.00 .54 ze 10.£3 5.06 X &L
UPAKIUM-228 R2R Lrd 190.99 e.23 0.4 =2 €38 .o sl

i URANIUM.IIE YAR = 103.29 e .53 L] 476 2,020 H=2 8

~ Zzemcie BEZs iz wvzvazea o e e asgrel 2 122-5 REC,
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UPPER TOLERANC= LIMITS BY G=OLOGIC UNIT
GROUNDWATER, TOTAL RADIONUCLIDES 1
GEOLOGIC SAMPLE PERCENT STANDARD LAST YEARS
ANALYTE UNIT ST N DETECTS MEAN DEVIATION UL 99/99 SS/S5UTLs  1000°RBC ~  UNITS
AMERICIUM-241 coL oS 100.00 0.00 0.00 0.0% o.co2 0 pCil
CESIUM-137 coL 3 100.00 0.18 Q.S 1.49 .70 1,700 pCL
GRCSES ALPHA coL 6 100.00 150,25 14275 1.157.28 2148 pCVA
GRCSS BETA cTL 6 100.00 81.55 es2s 706.79 151.6 pCiA
PLUTONIUM-229,.240 coL 25 100.00 0.01 0.01 0.64 0.c28 210 ECVA
STRONTIUM-8S.50 coL 7 100.00 028 c.11 0SS 0..4 1,400 pCiL
TRMUM coL 17 100.00 201.15 152.29 $61.32 s37 ££2.000 pCAL
URANIUM-223.234 coL [ 100.00 £8.74 65.20 8,99 = 3 pCIL
URANIUM-225 caL [ 100.00 214 29 16.C3 10.54 3.000 pClL
URANIUM-233 coL [ 100.00 36.04 46,48 376.92 254 3.000 pCA
AMERICIUM-241 RFA 22 100.00 0.0% 0.0% o.c3 c.cx2 20 aCL
CESIUM-137 RFA 7S 10C.00 0.08 ¢33 129 c.70 1700 pCU
GRZSS ALPHA RFA s 102.00 1.89 1.28 1230 3148 pCNL
GACSS BETA RFA < 100.08 225 1.48 15.¢8 19%.5 PGl
PLUTONIUM-238 RFA 7 100.00 0.00 0.00 0.0t o.c28 pCA
PLUTONIUM-225.240 RFA 25 100.00 -0.00 0.00 o.c1 0.c28 210 pCL
STRONTIUM-29.90 RFA 13 100.00 6.1 t21 iR 0.084 1,400 pCL
TRAMUM RFA 21 100.00 25,72 7.8 1.286.23 $38 £53.000 sCNA
URANIUM-222.234 AFA 1 100.00 0.48 0.45 258 -] -2 pCUL
URANIUM-22S RFA 3 100,00 052 .27 .63 €.29 3.000 sCL
URANIUM-22E AFA 1 100.00 0.&0 €50 | %2 L8 hRve s sCil
' R H

AMEEICIUM-Z4 VFA 3 102.90 .01 c.o1 o.es 0.c32 %0 P U
CISiuM.337 VFA o 102.00 €9 €.22 -4 €70 .70 sCUL 3
GARCSES ALPHA VFA T 198,00 .55 205 6.5 332 use
GAZSS SE5TA VFA 7 100,60 4,54 T3 255 159 poiL
PLUTONIUM-228 VEX € 300.00 .01 a.c3 S.co ¢z G
PLUTCNIUM-235.240 VFA &2 100,00 0.c% e.ce c.:2 0.222 210 =Cll
STRONTIUM-89.50 VFA 8 100.00 0.43 e.27 = 0.5¢ .40 =L

~ TAMUM ) VFA 27 <00.00 14258 320,22 775.87 38 859,000 sCA

. URANIUM-Z23.224 VFA 7 100.00 1.58 .00 .0 L3 2.000 =C
URANIUM.22S VEA 7 100.00 0.30- -0 -1 . QTS ..TES .2 B Lo &
UARANIUM.Z2 VFA 2 100.00 w22 129 =238 51.98 2.000 °C

-

Examoio AECs for flusTason of Die typical range of 2 105+3 RBC.




UPPER TOLZRANCE LIMITS BY GEOLOGIC UNIT

GACUNDWATER, TOTAL RADIONUCUDES (CONT) -

GECLOGIC SAMPLE PSRCINT STANDARD LASTYEAR'S
ANALYTE UNIT SZE N OSTECTS MEAN DEVIATION UTL 99/99 95/9SUTLs  JOOC"REC =~  UNMTS
AMERICIUM-241 wes o) 100.00 0.01 0.01 0.07 0.632 2% pcn
CESIUM-137 wCs 1 190.00 cze ‘6.26 1.86 0.71 1,700 pCA
GRCES ALPHA wCs S " 100.00 s 1248 324.04 31e pCL
GACSS BETA wes s 100.00 ea7 £11 LA ] 191.8 pCAL
PLUTONIUM-238.240 wCs 21 100.00 0.00 o.co .02 0.C28 210 pCGA
RADIUM-226 wes < 100.00 c.26 .35 18 0 ECA
STRONTIUM-£S.90 wss 4 102.00 o.cs - €26 S2s 0.84 1.400 pCN
TRIMUM wCs 19 100.00 233L78 2.537.88 25,518.91 $3E.7 £83,000 pCAL
URANIUMZ23 234 wCs s 100.00 7.49 6.30 4,33 27.6 2.000 pCiL
URANIUM-Z2 wCs 3 . 100.00 . c28 c2s .81 134 . pCA
URANIUM-238 wes 3 100.00 Toan 456 1T2ES 91.98 2.000 pCt
AMERICIUM-24 1 XAR 3 100.00 0.01 0.c2 (XY S 0.c22 00 sCA
CESIUM-137 KAR 3 100.00 0.00 t.29 0.56 0.48 T pGA
GRCSS ALPHA KAR 6 100.00 11.08 16.£3 122.e8 e pCL
GACSS 8ETA XAR § 100.69 1201 12,48 110.67 191.6 pCL
PLUTONIUM-Z28 XAR & 100.00 0.0% ‘ c.01 C.14 0.c2e pSAL
PLUTONIUM-235.240 XAR L 100.00 0.00 c.0% o.c2 o.cae 10 PG
RADIUM-228 KAR 3 100.00 c.59 0.48 11.30 400 pCA
STRONTIUM-£9,50 KAR < 100,00 .10 czs LR 0.54 1.400 pCiL
TRMUM KAR 38 200.00 €253 R poen 1,577.10 528 £80.000 H ek R
UFANIUM-232.234 KAR « 100.00 v 0.7 s 2 2 LK sCUL
URANIUM-Z2S KAR N 10C.00 .23 o.c2 ez . =X FI=4N
UPRANIUM-228 KAR z 100.00 czs czs 48,72 .$1.58 3,60 sCL

Zamsie AECs for Gluszzien of Te pepical rangecf a iGE-2 AIC.




= Examsie AZCs for lusTazon of Tie tvpical angeof a 105+

UPPER TOLERANCZ LIMITS BY GEOLOGIC UNIT -
GEOLOCIC MAT=RIALS, TOTAL MESTALS
GEOLOGIC SAMPLE  PERCENT STANDARD LAST YEAR'S
ANALYTE UNIT SIZE. N DETECTS MEAN DEVIATION 99/99 UTL SS/S3UTLs 1000°RBC ~ UNTTS
ALUMINUM coL 3.} 100.00 10,541.43 454585 27.361.38 el MGXG
ARSENIC coL 22 a7 2.5 17 9.65 21 550 MG/XG
BARIUM T eoL 28 100.00 13320 94.0S @257 438 9,100,000  MG/XG
EERYLLIUM oL i} 96.3 £47 s.47 24.62 2.1 150 MG/XG
CADMIUM csL s 5769 0.86 0.42 1 48,000 MGG
CALCIUM coL - 100.00 9.082.14 6.250.14 31,238.50 2.6 . MG/XG
CESIUM coL 2¢ 75.00 20624 5,88 41228 MG/XG
CHROMIUM coL 4 ] 100.00 33.79 588 M0 423 6.200 MG/XG
COBALT csL 28 24.00 611 as7 19.65 MG/XG
COPPER cL 28 $6.43 14.57 L4 23.87 =23 MG/XG
IRON caL 2 100.00 1£.028.07 €.71528 28.544.51 23287 MG/XG
LEAD coL 23 100.00 + 1823 462 24w 2.0 MG/XG
UTHIUM coL 28 28.57 8.52 26 34.99 2.5 MG/XG -
MAGNESIUM coL 28 78.57 255722 1.577.50 e.212.08 7.57 MG/XG
MANGANESE coL 23 100.00 19187 160.2% 75210 643 10.000.000 MG/XS
MERCURY coL o o= .58 020 o.28 52,000 MGG
" NICKEL coL 28 9286 16.57 828 4557 415 £.400,000 MGXG
POTASSIUM ot 2t =N $75.51 72508 2.5¢5.78 s ; MG/XG
SELENIUM coL 7 == o..5 0.£5 218 1.450.000  MG/XG
SILVER czoL 19 231 £Ls 9.45 4258 1400000 MGXG
STRONTIUM st 28 (T84 £92 T4 120.63 121 160.000.000 MS/XG
TN s 0 2808 87.38 14781 €237 150,000,000 - MG/XG
VANADIUM coL i 100.00 3.0 1223 ™8 743 1.920.000 MGXG
2NC o1 s 100.00 ££.32 1.52 13287 s £1.000.000 MGXG
f
ALUMINUM AFA . €2 <0C.00 12,525,058 2.857.25 25.057.56 2E.£50 MGG &
ARSENIC AFA €2 28 FRY £70 2%.48 12 250 MG/RG
EARIUM RFA (xd &a.e7? 5146 100,34 Jee57 z35 9,100.550 MGG
SERYLUUM RFA £2 27.0 PR A 2.65 8.8 <E.3 H MGE
. CADMIUM RFA 5 47.53 0.54 0.48 -1 <£,000 M&XG
caLciuM AFA 62 t22s €.5TE.&Y 15.559.38 €7.4c251 16.525 MGG
CSSiuM AFA (x) Te.21 24209 372 J257.28 MG/XG
. CHRCMIUM CRFA . €2 100.00 =08 33.18 11277 - TRS £,500 MGXG
CTEALT RFA £2 2548 EE 336 4279 762 M&YG
€oPPER AFA €2 §7.70 11.68 188 £330 30 MG/XG
IACN AFA -] 100.09 14,247,120 16,3259 €Le 57 2287 1AGRG
LEAD FFA €2 +00.00 9.5 7.c7 LS 245 MG¥G
UTHIUM RFA £2 25,68 14,53 1225 2341 8.5 MG/XG
MAGNESIUM RFA €© 2508 248228 4,083.78 14,531.23 7.600 MGX%3
MANGANESE RFA € 100.00 22382 417,44 . 150838 643 10.000.000 MGXG
MERCURY AFA = 4228 o9 0.80 -2 31 ‘ 80,000 MGG
NiCXE, RFA 55 ams =S 2545 12263 22 £400,000 MGKS
POTASSIUM AFA 61 27.57 1.54£8.23 3.02£583 1€.780.63 .25 . MGXG
SILVER RFA L1 2291 248 £es 19.99 . 3.400.000 MGXG
STRONTIUM AFA T €2 2.8 TTSs3 .02 2L . 153,002.000 - MG/XG
VANADIUM AFA €2 $6.77 263 3156 12823 . 1.500.000 MG/XSG
ane AFA 3! $3.44 .87 €1z2s 3623 142 £21.000.000 MGG
REC
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UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT
GEOLOGIC MATERIALS, TOTAL METALS (CONT)

GEOLOGIC SAMPLE  PERCENT © STANDARD LAST YEAR'S
ANALYTE UNIT SZE N DETECTS MEAN DEVIATION 99/99 UTL  SS/SSUTLs  1000°ABC ~  UNMS i
ALUMINUM wCs [ 100.00 1®,121.28 ey 4337523 =023 mexe |
ARSENIC wes 9 7778 254 128 127 121 280 MGXG |
BARIUM wes ] ss.28 64.21 z 206.40 LYC) 5.100.000  MG/XG
EERYLUUM wCs ] 100.00 2= .09 9.45 1z 12 MGXG
CADMIUM wes 9 o= 0.£3 cz7 206 45,000 MG/XG
CALCIUM wes s 65.67 221223 1.256.05 9.220.53 43,000 MGXG
CESIUM wCs ] 100.00 214.89 599 247,16 MGXG
CHROMIUM wes 9 100.00 20.50 353 £2ES s 6.550 MGXG |
COPPER wCs 9 100.00 1294 £51 4299 w7 MG/XG |
IRON wCs $ 100.00 1420222 4,085.80 36.177.70 3227 MG/XG
LEAD wCs ] 100.00 6.3 3.18 .68 65.3 MG/XG
MAGNESIUM wes ] €588 2.c33.69 1.223.58 5.738.12 7.573 MG/XG
MANGANESE wes ] 100.00 171.88 95,17 706.30 543 10,000,000 MG/XG
NICXEL wes s 100.00 1e31 6.87 = ‘438 20.000 MGXG
SELENIUM wes s 85.67 1.95 128 L 1400000  MGXG
SILVER wes L] 100,00 2459 6.54 61.58 3.400.000  MGXG |
TN wces 9 100.00 278.00 £5.04 €28.22 ‘ 160.000.000 MGXG |
VANADIUM wes s 100.00 3142 11.01 90.76 743 1.500.000 MGG |
ZNC ' wCs s 100.00 22 £20 - 6334 171 81.000.000 MG/XG
ALUMINUM KAR 3 100.00 T.422.60 258120 17.608.83 s ‘ MGG [
ARSENIC KAR n 6567 ar2 23s 16,68 21 3 - MGXG |
EARIUM ¥AR 21 - 5524 - . 95.40 ££.10 537.51 323 £.100.000 MGXG
EZRYLUUM KaR 21 100,69 . 2.5 a1 1823 R 59 MGXG {
CAOMIUM XAR 19 oS 0.3 c.3r 2z 22,020 MGG, &
ALCIUM FAR 3 100.00 £477.34 2,234.78 1228866 12720 MGXG ]
CISIUM KAR 16 §3.5 =252 312 az2s MGG |
CHROMIUM KAR 23 100.00 251 s oo 5,500 MGXG |
cosaLT KAR R X1} 6.74 T2 23.54 MGXS |
ccPRER XaR 20 100,00 1276 €53 28.45 47,2 MGXG |
IRON KAR 2 300.00 1256325 8.755.28 4650222 c3.z87 MGXG ,P
LEAD XAR 21 100.00 128.51 £.19 4229 42§ MGXKG E
LTHIUM VAR . 21 57 747 2.39 SE.Bb4 &S MGG
MAGNESIUM KAR ¢ 2 - SE.ET - 202374 1.273.43 6.63£.37 T.27 MGxG !
MANGANESE KAR o 100.00 177.50 123.7 ses.e2 &3 10.000,000 MGXS
MERSURY KAR a2 =3 0.23 c2¢ n32 £3.00 MGXS |
NICrEL KAR 19 5421 12,73 1229 7080 722 £400.050 MGXG ’
SELENIUM KAR 19 2158 .50 1.01 <t 1400000 MGXG |
SiLVER KAR 16 o 2 e= .37 1400000 MGXG .
STRONTIUM XAR 21 L 0.48 - £5.59 335 186.40 38 163.000.000 MGXG !
. VARACIUM KAR e . 9300 .70 276 g4z 743 1.920,000 MGXG
INC KAR 21 100,00 5224 1522 e 175 '81.000.000 MGXG |

~ Examole RBCs for dlussadon of Tie typical range of 3 10E+3 RBC
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UPPER TOLERANCE LIMITIS BY GEOLOGIC UNIT
GZOLOGIC MATERIALS, TOTAL RADIONUCUDES
SAMPLE  PERCENT STANDARD LAST YEARS N
ANALYTE GEOLOGY ST N DETECTS MEAN DEVIATION UTL 99 /99 95/95UTLy  1000°ABC ~ UNITS
CESIUM-137 o pe ] 100.00 0.01 0.04 @s? c.c8 27.000 pClo
" GRCSS ALPNA coL 28 100.00 2185 .50 £2.10 513 pClig
GRCSS EETA coL 28 100.00 27.00 a2 28,22 a2 pClg
PLUTONIUM-225.240 coL 28 100.00 0.0 0.01 o.c3 0.017 1.900 sCUe
RADIUM-226 coL z 100.00 1.07 0.18 .77 1.50 1.590 pClg
RADIUM-228 coL 21 100.00 1.57 o9 255 225 7.5 pClg
STRONTIUM-89,90 coL 28 100.0 0.0% c.38 w2t 0.64 et pCug
TRITIUM coL 28 100.00 214 . 106,36 432,50 303 14,000,000 pCg
URANIUM, TOTAL coL 28 100.00 1.86 o3 4.4 pCYo
URANIUM-223.234 coL 23 100,00 114 1.8 €.65 1.75 £2%0 pCilg
URANIUM-22S coL 28 100,00 0.04 c.08 €24 a.1? 140 pClg
URANIUM-Z28 coL 28 100.00 . 0S4 0.4 218 .58 £, pCUg
AMERICIUM-241 REA 2 103.00 .00 0.01 0.c2 0.013 1.50 pClg
CESIUM.337 RFA €2 100,00 0.01 0.04 0.14 0.c8 27.900 pClg
GACSS ALPHA RFA . &2 100.00 2= L1 721 3r.e pClg
GRCSS EETA RFA e, 10000 . 2410 €7S “e 253 pClU
PLUTONIUM-225.240 RFA 62 100.00 .00 .01 0.c2 0.017 1,500 pCug
RADIUM-226 RFA 3 100.00 0.£3 .10 e.56 0.£S 1800 sCUg
RADIUM-228 RFA b} 100.00 3 0.31 o= 1.57 7.5% =CUg
STRONTIUM-85.50 RFA €2 100.00 0.c3 0.28 1.69 .64 23.000 pCug
- TRAIMUM AFA €2 10000 17299 =2es 45,56 413 14,000.000 © 2CUg
URANIUM, TCTAL RFA €2 100.00 .25 c.e1 276 sCig
| URaNiUMz2zIM AFA 2 0o 0.64 0.:8 o s Iz G
i URANIUIM-22S RFA 2 15¢.00 0.0% £.c3 0.31 ces - e FovS
] URANUM-ZZ FFA £2 10000 0.6¢ .23 173 .38 £.50 ST
‘ E 8
J B
[ CIEUM-2T wCs ¢ 100.63 .01 0..3 c.:s o.o08 700 =Cig
1’ . GRCSS ALPHA wes ] 300.00 22.58 L28 228 e£2 =Cig
. GRCSS 337A o wCs ] 100.00 2128 £ £.70 346 sCug
: PLUTONIUM-Z29.240 wces 9 100.00 .01 0.0 c.o7 0.017 1.800 sove
| .. .. Raowmez2s ] wes 4 100.00 ¢.68 c.:5 253 170 1,800 =CUc
T RACIUM-z28 : WCS - 4 s0a.00 1.42 ¢ T 458 9 .20 =C¥e
STRONTIUM-89.90 wCs 5 100,09 6.17 0.4t 225 0.64 22.000 2CUg
TRIGUM wCs 9 100.09 17444 134,47 78%.30 4ag 52,000,008  2CUg
URANIUM, TOTAL wcs s 100.09 .58 021 %0 pCUg
7. vAaniumzs , wes - 8 100,00 0.69 c.:2 128 220 £200 sCug |
| © URANIUM.ZIS o wCs : s . 1000 o.c2 cor 0.22 0.4 123 Yol g
‘ URANIUM-Z38 | . wcs 8 100,00 6.73 0.12 .38 3. 2820 sCv¢ i
! . . L,
CESIUM.337 KAA 21 30000 c.0 0.00 0.00 0.08 27,000 sClo
GRCSS ALPHA - - . KAR 1 100.08 T3.58 8<2 81.78 24 sCUe
T GRCSE EETA - KAR A N - - - 2576 3.8 Q.29 S48 sCVe
S PLITONIUM-T29.240 KAR 2 100.00 0.00 e.ct 0.£3 0.0:7 . 1.$%0 sCvg
i AASIUM-ZS VAR 7 120.00 .09 0.32 .83 240 =S
] FASIUM-2Z8 Y2R - 100.00 %23 e.:s 14 .80 1,820 Pror- B
i STRONTIUM-88.20 KAR 21 100,00 .31 c.5 .24 .64 T8 i 3
2 TRITUM KAR 21 10200 e£ss =3 £35.22 0 woeos s Cs !
: URANIUM, TOTAL KAA 21 100.00 1.55 0.654 4.40 ‘ sCue i
URANIUM-TZZ XAR P3| 100.00 0.56 0.z 242 .26 £200 e
4 URANIUM.ZZS ¥AR 21 10C.00 e . ccs .= .10 d =CY¢ §
! uRanMezos KR n 100,00 c.s8 .28 152 w8 SES 2 g
F i

* Zzamae A2Cs lor dlvzazen of e iymiex magect a 10E-3 AEC
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SURFICIAL SOILS FROM ROCK CREEK
TOTAL METALS
Analyte MEAN STD DEV N TOLFACT 99/99UTL  UNITS
Aluminum 129392.9 2251.53 18 3.9604 21909.86 MG/KG .
Antimeny 10.525 1.724 18 3.9604 17.35 MG/KG
Arsenic 5.817 1.818 18 3.9604 13.02 MG/KG
Barium 1952 84.63 18 3.9604 530.37 MG/XG
Berylium 0.983 0.256 18 3.9604 2.00 MG/KG
Cadmium 1.048 0.362 17 4.0367 2.51 MG/KG
Calcium 5068.1 2220.5 18 3.9604 13862.17  MG/KG
Cesium 61.43 61.43 18 3.9604 304.72 MG/KG
Chromium 15,207 2.798 19 3.8524 26.10 MG/KG
Cobalt 7.781 4.305 18 3.9604 24.83 MG/KG
Copper 12.964 3.629 18 3.9604 27.34 MG/KG
fron 15381.7  3226.62 18 3.9604  28160.41 MG/KG -
Lead 37.535 6.024 18 3.9604 61.39 MG/KG
Lithium 10.98 2273 18 3.9604 19.98 MG/KG
Magnesium 2853.3 1049.95 18 3.9604 7011.52 MG/KG
Manganese 443.67 .457.01 18 '3.9604 2253.61 MG/KG
Mercury 0.09256 0.0306 18 3.9604 - 0.21 MG/XG
Molybdenum 3.31997 1.59652 18 2.9604 9.64 MG/KG
Nicke! 12.578 3.588 18 3.9504 2679  MG/KG
. Potassium 2977.9 §75.47 18 3.9604 5256.99 MG/KG
Selenium 0.4785 0.1468 18 3.9604 1.06 MG/KG
Silicon 780.99 700.452 . 18 - .3.9604 3555.06 MG/KG
Silver 1.728 0.693 18 3.9504 4.47 MG/KG
Sodium 175.14 75.031 18 3.9604 47229 MG/KG
Strontum 35.331 13.811 18 3.9604 -90.03 MG/KG
Thallium 0.3773 0.1204 18 2.96D4 0.85 MG/KG
Tin 38.346 92105 18 3.5504 74.82 MG/KG
Vanadium 1.603 6.045 18 2.5604 §5.56 MG/KG
Zinc 55.824 7.795 18 3.9604 §6.70 MG/KG
SURFICIAL SOILS FROM ROCK CREEK -
TOTAL RADIONUCUIDES
Analyte MEAN STD DEV N TOLFACT 99/95UTL  UNITS
Americium-241 0.01854 0.0092 15 4.2224 0.05 PCY/G
-Cesium-137 1.41 - 0.4887 12 4.633 3.68 PCUG
Gross alpha 19.825 4,916 10 5.0737 84,77 PCYG -
Gross beta 32.031 5.699 19 3.8524 5421 PCUG
Plutonium-239,240 0.05523  0.02023 18 3.9504 0.14 PCVG
Radium-226 0.94538  0.12813 10 - 5.0737 1.69 PCIG
- Radium-228 2.1767 0.5308 ' 10 5.0737 4.87 PCYG
Strontium-89,90 0.61833  0.29768 9 5.3889 2.22 PCUG
Uranium-233,234 114487  0.15557 16 4.1233 1.79 PCIG
Uranium-235 0.05263  0.0327 16 4.1233 0.18 PCYG
Uranium-238 1.18301 0.18799 16 41233 1.96 PCUG
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SURFICIAL SOILS FROM ROCK CREEK
TOTAL METALS
Analyte MEAN STD DEV N TOLFACT 99/93UTL  UNITS
Aluminum 12952.9 2251.53 18 3.9604 21909.85 MG/KG
Antimony 10.525 1.724 18 3.9604 17.35 MG/KG
Arsenic 5.817 1.818 18 3.9604 13.02 MG/KG
Barium . 195.2 84.63 18 3.9604 530.37 MG/KG
Beryllium 0.983 0.256 18 3.9604 2.00 MG/KG
Cadmium 1.048 0.362 17 4.0367 2.51 MG/KG
Calcium 5068.1 2220.5 18 3.9604 13862.17 MG/KG
Cesium 61.43 61.43 18 3.9604 304.72 MG/KG
Chromium 15.207 2.798 19 3.8924 26.10 MG/KG
Cobalt 7.781 4.305 18 3.9604 24.83 MG/KG
Copper 12.964 3.629 18 3.9604 27.34 MG/KG
Iron 15381.7 3226.62 18 3.9604 28160.41 MG/KG
Lead 37.535 6.024 18 3.9604 61.39 MG/KG
Lithium 10.98 2273 18 3.9604 19.98 MG/KG
Magnesium - | 285833 1048.95 18 3.9604 7011.52 MG/KG
Manganese 443.67 457.01 18 3.9604 2253.61 MG/KG
Mercury 0.09256 0.0306 18 3.9604 0.21 MG/KG
Molybdenum 3.319987 1.59652 18 3.9604 9.64 - MG/KG
Nickel 12.578 3.568 18 3.9604 26.79 MG/KG
Potassium 2977.9 §75.47 18 3.9604 §256.99 MG/KG
Selenium 0.4785 0.1468 18 . 3.9604 1.06 MG/KG
- Silicon ) 780.99 700.452 18 3.9604 3555.06 MG/KG
Sitver . 1.728 0.693 18 3.9604 4.47 MG/KG
Sodium 175.14 75.031 - 18 3.9604 472.29 MG/KG
Strontium 36.331 13.811 18 3.9604 90.03 MG/KG
Thalfium 0.3773 0.1204 18 3.9604 0.85 MG/KG
Tin 38.346 9.2105 18 3.9604 74.82 MG/KG
Vanadium . 31.603 6.049 18 3.9604 55.56 MG/KG
Zinc - 55.824 7.795 18 - 3.9604 86.70 MG/KG

oo ). SURFICIAL SOILS FROM ROCK CREEK
TOTAL RADIONUCLIDES ’
Analyte MEAN  STDDEV N TOLFACT 99/99UTL  UNITS
Americium-241 0.01854 00092 - 15 42224 0.06 PCUG
Cesium-137 141 - 04897 12 - 4633 - 368 PCUG
Gross alpha | 19.825 4916 10 5.0737 44,77 PCUG
Gross beta 32.031 5699 19 3.8924 . 54.21 PCIG
: - Plutonium-239,240 0.05523  0.02023 18 3.9604 0.14 PCUG
B Radium-226 - 0.94538 ©  0.12813° " - 10 ° 7" 50737 - 160" ' PCUG
: Radium-228. 2.1767 0.5309 10 50737 . 4.87 PCUG
Strontium-89,90 0.61833 029768 ‘9 5.3889 222 PCYG
Uranium-233,234 1.14497  0.15557 16 4.1233 1.79 PCYG
Uranium-235 0.05263  0.03271 16 41233 018 ' PCUG
Uranium-238 | 118301 o0.18799 16 41233 1.96 PCUG

Where "TOL FACT" is the tolerance factor for the 99/99 UTL, and "STD DEV" is the standard
deviation for sample size, N. The 9999 UTL is caleulated as (TOL FACT * STD DEV) + MEAN.
Metals are 89-percent validated, and radionuclides are 64-percent validated in this table.
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DRINKING WATER STANDARDS (EPA, 1976)

AND NON-MANDATORY STANDARDS * ' g ;

. . * _‘ 1

1 ALUMINUM - ' .5 UGA S

ARSENIC S0 UGL f

SARIUM 1000 UG |

CADMIUM' 10 UG |

C~AOMIUM 0 ueA J

COPPEA * 1000 UGA }

LEAD 50 UG  (Lead ncw has a lower OWS; maybe 5 ppb) : i i

MANGANESE * : 50 uGL : (

MERCURY ' : 2 UG ;
SELENIUM 10 uen
SiLVER ' 59 UG
ZINC * £000 UG

PADIUM-225 5 pCiL -

GROSS ALPHA 1S pCL
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